Abstract. Dimeric and oligomeric TTFs have an inherent multi-functionality. Thus, radical salts derived from bi-TTF and its derivatives show high conductivities, reflecting either the enhancement of dimensionality or the control of stoichiometry. In the case of TTF oligomers, supramolecular structures can be constructed using association of TTFs. Thus, quarter-TTF adopts a zigzag structure, and its tetracation forms a helical structure through the intramolecular π-dimer formation of the terminal radical cations. Poly(tetrathiafulvalenylethynyl)benzenes dimerize in solutions, and tetrathiafulvalenylacetylene macrocycles containing TTF and hexadehydro [12] annulene units show interesting properties such as solvatochromism, electrochromism, sandwitch complex formation, and electrical conductivities.
INTRODUCTION
There is currently considerable interest in the dimeric tetrathiafulvalene (TTF) molecules and higher oligomers [1, 2] . Dimeric and oligomeric TTFs linked by σ-bonds, conjugated π-systems, single chalcogen atoms, or alkyl chains may have intramolecular through-bond or through-space interactions between TTFs. As shown in Scheme 1, dimeric and oligomeric TTFs display multistage redox behavior, and hence can be expected to reveal unique structures and physical properties of their CT complexes and ion radical salts [3, 4] . For example, bi-TTF 1 is a four-electron redox system, and the cation radical, dication, and further oxidized species 1+, 12+, 13+, and 14+ can exist as a localized or a delocalized form. In addition, dimeric and oligomeric TTFs may be employed either for the enhancement of the dimensionality by the extended π-conjugation or for controlling the stoichiometry and band filling in the corresponding conductive complexes [5, 6] . Recently, dimeric and oligomeric TTFs have come to be regarded as building blocks in supramolecular chemistry, and large 'belt-shape' molecules, cage molecules and 'tweezers-like' molecules have been investigated in order to realize redox sensors, conducting organic magnets and novel crystal structures. Although a variety of TTF oligomers have been prepared and investigated, we focuses mainly on the chemistry of conjugated dimeric and oligomeric TTFs with or without spacer groups.
BI-TTF AND SUBSTITUTED BI-TTFS
We developed a new synthetic methods of bi-TTF (1) and its derivatives (4-6) using transition metal catalyzed reactions [10, 11] . Bi-TTF is a candidate for constructing organic metals with high dimensionality, providing an opportunity to control the stoichiometry, band filling, and molecular assembly in the conductive complexes. As shown in Table 1 , the CT-complexes and radical salts derived from 1 and 4-6 show fairly high electric conductivities, reflecting their crystal stacking [12] .
TTF OLIGOMERS

Helical Quater-TTF
In the case of 4,5-connected TTF oligomers, ter-and quater-TTFs (7 and 8) are nonplanar molecules, adopting a zigzag structure. Although the trication derived from ter-TTF (7) shows no intramolecular interaction of TTF cation radicals, the tetracation derived from quater-TTF (8) forms a helical structure through the intramolecular π-dimer formation of the terminal TTF cation radicals [13] .
Poly(tetrathiafulvalenylethynyl)benzenes
Poly (tetrathiafulvalenylethynyl) benzenes such as 10-12 are star-shaped molecules, and the neutral 10-12 self-aggregate in CDCl 3 solutions to afford the corresponding dimers. Thus, three to six TTF units in 10-12 interact cooperatively to form stacking dimers in solution. The dimerization constants (K a ) for 10 and 11 are 1.4 and 11 M -1 (20 ºC), respectively, on the basis of the 1 H NMR analysis, although the K a for 12 is not yet determined. The cation radicals derived from 10-12 aggregate more strongly in solution and in the solid state. The aggregation of these cation radicals in solution can be detected by using their electronic spectra and cyclic voltammetric analysis. The electronic spectra of the partially oxidized 10-12 exhibited very broad absorptions around 2000 nm, whereas the electronic spectra of 10
3+
, 11 4+ and 12 6+ showed the formation of the corresponding π-dimers (10 3+ ) 2 , (11 4+ ) 2 and (12 6+ ) 2 .
Tetrathiafulvalenylacetylene macrocycles
Tetrathiafulvalenylacetylene macrocycles (13-15) contain TTF and hexadehydro [12] annulene units were synthesized using the Sonogashira coupling reaction as the key reaction. Mono-, bis-, and tristetrathiafulvalenohexadehydro [12] annulenes (13) (14) (15) and their cation radicals revealed interesting properties such as solvatochromism, electrochromism, sandwitch complex formation, and electrical conductivities.
The sandwich complexes (16 and 17) are formed on treatment of 13b and 14 with AgOCOCF 3 in CDCl 3 . The aromatic protons in 16 and 17 show upper-field shifts as compared to those of 13b and 14, although the cationic silver ion coordinates to the π-systems in 13 and 14 [14] . However, the formation of 18 was not fully confirmed due to low association constant for 18 in a CDCl 3 solution. Interestingly, doping of 13a, 14 and 15 with iodine gave black radical salts which showed the conductivities of 1.3x10 -6 , 8.2x10 -5 and 1.5x10 -3 S cm -1 , respectively. We propose the formation of a new type of molecular electric wire 19 having a central π-core with an insulating mantle.
